Background: The glycated haemoglobin A1c (HbA1c) level may be used for screening for type 2 diabetes and prediabetes instead of a more burdensome oral glucose tolerance test (OGTT). However, among the high-risk South Asian population, little is known about the overlap of the methods or about the metabolic profiles of those disconcordantly diagnosed.
Background
Populations of South Asian origin living in industrialised countries are known to be at high risk of type 2 diabetes and cardiovascular diseases. Thus they form an important target group for active screening and prevention in clinical practice [1] [2] [3] [4] . A recent study has shown that such an initiative can potentially provide a substantial benefit in reducing cardiovascular risk [4] .
The effectiveness of screening, however, depends in part on the ability of the test method to identify the population at risk. Until recently, the oral glucose tolerance test (OGTT) was recommended for diagnosing diabetes and for detecting individuals at high risk of developing diabetes. In 2010, the American Diabetes Association updated its recommendations to include glycated haemoglobin A1c (HbA1c) at the level of 6.5% or more (≥48 mmol/mol) as a diagnostic option for non-pregnant adults [5] . Because the HbA1c level can be determined with a single blood sample, it has practical advantages and is less burdensome than the OGTT for screening purposes [5] . Further, a number of studies have screened various ethnic populations [6] [7] [8] [9] [10] . Most of these studies report that screening based on the HbA1c level may lead to the identification of fewer new cases of diabetes and prediabetes than screening with the OGTT. In this case, there is only a partial overlap [6] [7] [8] [9] [10] . Screening with the Hb1Ac level misses some cases that would be detected with the OGTT. Although studies from India suggest that a similar pattern may be expected, such evidence is lacking for South Asians living in industrialised countries [10] [11] [12] . This is relevant because the overlap between the HbA1c method and other methods may vary across ethnic groups and across different contexts [6] . Moreover, one recent study shows that the HbA1c levels and OGTT fasting and 2-h glucose levels were higher among South Asians in the UK than among Europeans [13] .
A discordance may occur because of measurement variability or because the HbA1c level and the OGTT hallmark different physiological processes [5] . This implies that the metabolic profiles of individuals discordantly diagnosed may differ. Thus, their future health risks may also differ. Indeed, studies among Europeanorigin populations and one study in India have shown that the metabolic profiles differed between those identified with the HbA1c level and those identified with the OGTT only [13] [14] [15] . Therefore, among the high-risk South Asian populations living in industrialised countries, it is important to note the characteristics of the metabolic profiles of those who were and those who were not identified with the HbA1c level. The latter group would have been identified with the OGTT.
We evaluated the overlap between classifications and the sensitivity and specificity of HbA1c for diagnosing OGTT-defined diabetes and prediabetes (considering impaired fasting glucose and/or impaired glucose tolerance). The 18 to 60-year-old Hindustani Surinamese participants were screened via family practices in The Hague, the Netherlands. Furthermore, we compared the metabolic profiles of individuals who were HbA1c-identified with the metabolic profile of those whom the OGTT could have identified, but were not HbA1c-identified.
Methods

Study design and population
We analysed the data for 944 18 to 60-year-old Hindustani Surinamese participants in a screening program for the DHIAAN study, a culturally targeted, lifestyle-intervention trial. We use the term Hindustani Surinamese to refer to people with South Asian ancestral origin who migrated to the Netherlands via Suriname and their offspring. The Hindustani Surinamese are the descendants of the indentured labourers from North India -Uttar Pradesh, Uttaranchal, and West Bihar -between 1873 and 1917. The two large migration waves, around 1975 and 1980, of Hindustani Surinamese to the Netherlands were caused mainly by the political situation in Suriname [16] .
The methods of the study have been described elsewhere [17] . In brief, potential participants were selected from 48 family physician lists in The Hague by means of name analysis. All who were not already known to have diabetes received an invitation followed by a written reminder and up to five contact attempts by telephone. Volunteers could also make an appointment for the screening. The participation rate was 21.8% ( Figure 1 ). Because oral glucose tolerance was only tested between 18 May 2009 and 19 April 2010, we only used data for those participating during this period (n = 968). Participants who had not completed the OGTT or whose HbA1c measurement was missing were excluded, leaving 944 participants (Figure 1) .
The Institutional Review Board of the Academic Medical Centre of the University of Amsterdam approved the study. All participants provided written informed consent.
Data collection
Participants completed a brief questionnaire about demographics (e.g. country of birth), known risk factors (e.g. family history) and cardiovascular health. Furthermore, a physical examination was carried out. Weight was recorded to the nearest 500 g. Height and waist circumference were measured to the nearest 0.01 m. We calculated the body mass index (BMI; kg/m 2 ) from the weight and height. Blood pressure was measured with the participant in the seated position (OmronM5-1, Omron, Hoofddorp, the Netherlands). A maximum of five measurements were taken. We calculated the mean from the first two measurements with less than 5 mmHg difference.
We also asked the participants to donate a fasting blood sample and to undergo an OGTT (the glucose load was 75 g). We analysed the following elements: Furthermore, a 2-h standard 75-g OGTT was performed. We used the HOMA Calculator (University of Oxford) [18] to determine the insulin sensitivity [in %; homeostasis model assessment (HOMA)-s] and beta cell function (in %; HOMA-b) from fasting plasma glucose and insulin levels (pmol/l).
We used American Diabetes Association recommendations to classify prediabetes and diabetes [5, 19] . We defined the criteria for diagnosing diabetes on the basis of the OGTT as a fasting plasma glucose value of 126 mg/dl (7.0 mmol/l) or more and/or a 2-h postload glucose value of 200 mg/dl (11.1 mmol/l). We defined the criteria for diagnosing prediabetes as a fasting plasma glucose value of 100-125 mg/dl (5.6-6.9 mmol/l) and/or a 2-h postload glucose value of 140-199 mg/dl (7.8-11.1 mmol/l) [5, 19] . Furthermore, the criterion for diagnosing of diabetes on the basis of the Hb1Ac level was a value of 6.5% (48 mmol/mol) or more, and for prediabetes, an HbA1c level of 5.7%-6.5% (39-48 mmol/mol).
Statistical analysis
First, we described the population characteristics with medians plus interquartile ranges or percentages. We also calculated the prevalence of diabetes and prediabetes. We determined the overlap between the classifications for diabetes and prediabetes, which we defined as the number of cases identified with both the HbA1c level and the OGTT divided by all cases identified with the HbA1c level.
Second, we calculated the area under the receiveroperator characteristic curve (AUROC) and the 95% confidence intervals for HbA1c to identify OGTT- defined diabetes. We chose the OGTT as a reference on the basis of the local recommendations at the time the study was initiated. We identified the optimal HbA1c threshold for diabetes by interpolating from the AUROC; we selected the point that maximised sensitivity and specificity by inspecting the cross-tabulations of the sensitivity and specificity. We then calculated the sensitivity, specificity, and positive predictive value (PPV) for HbA1c at the recommended and optimal thresholds, with 95% confidence intervals based on bootstrap methods using 2000 samples [20] . After excluding participants with diabetes, we did the same for prediabetes.
Third, we compared those with prediabetes or diabetes according to the recommended thresholds for HbA1c with individuals who only met the recommended OGTT (but not HbA1c) criteria. For this, we used KruskalWallis tests and Mann-Whitney U tests. For reference, we also presented the characteristics of participants whom we could not classify with any of the tests. After excluding all participants with diabetes according to either the HbA1c level or the OGTT, we did the same for prediabetes. We used SPSS 18.0 (Chicago, Illinois) and R2.10.1 (R Foundation for Statistical Computing, 2009) for the statistical analyses.
Results
The median age of our study population was 43.9 years, 39.4% were male, and 14.5% were born in the Netherlands (Table 1 ). The prevalences of diabetes based on the OGTT and the HbA1c level were 3.7% (n = 35) and 3.3% (n = 31), respectively. The prevalence of prediabetes based on the OGTT was 20.2% (n = 191), whereas with the HbA1c method, the prevalence of diabetes was 38.8% (n = 366). Overall, the overlap for diabetes and prediabetes was partial: 51.6% of the participants with diabetes based on the HbA1c level of 6.5% or more also fulfilled the criteria for diabetes based on plasma glucose. For prediabetes, this was 54.2%. The overlap for HbA1c with impaired fasting glucose (43.0%) was higher than the overlap with impaired glucose tolerance (25.6%).
The AUROC for HbA1c as a predictor of OGTT-defined diabetes was 0.86 (0.79-0.93). At the recommended threshold (≥ 6.5%), the sensitivity of HbA1c as a predictor of OGTT-defined diabetes was 0. First and second grade. e Systolic blood pressure ≥ 140 mmHg and/or of distolic blood pressure ≥ 90 mmHg or if hypertension medication; f HOMA-S and HOMA-b were determined from fasting plasma glucose and insulin levels (pmol/l) with the HOMA Calculator (University of Oxford) [16] . g OGTT diagnosis of type 2 diabetes: fasting plasma glucose ≥ 126 mg/dl (7.0 mmol/l) and/or 2-h plasma glucose ≥ 200 mg/dl (11.1 mmol/l). h OGTT diagnosis of prediabetes: fasting glucose value of 100-125 mg/dl (5.6 -6.9 mmol/l) and/or a 2-h postload glucose value of 140-199 mg/dl (7.8-11.1 mmol/l). As expected, individuals not diagnosed with diabetes or prediabetes had better metabolic profiles with lower blood pressures, lower BMIs, smaller waist circumferences, and higher median HOMA-s and HOMA-b than those diagnosed as having diabetes or prediabetes (p < 0.05 for all characteristics; Table 2 ). We did not find statistically significant differences between those with diabetes based on the HbA1c level and those who would have been identified solely with the OGTT, apart from differences in fasting plasma glucose and postload plasma glucose ( Table 2 ).
Those diagnosed with prediabetes with the HbA1c level did not differ from those meeting only the oral glucose tolerance criteria, apart from differences in HbA1c, fasting plasma glucose, and postload plasma glucose. Nevertheless, those diagnosed with both the HbA1c level and the OGTT had worse metabolic profiles than those identified with the HbA1c level alone (Additional file 1).
Discussion
We found that we identified fewer new cases of diabetes when we used the HbA1c method, but more new cases of prediabetes than we did when we used the OGTT in HOMA-s and HOMA-b were determined from FPG and insulin levels (pmol/l) with the HOMA Calculator (University of Oxford) [16] . c All participants with type 2 diabetes according to either HbA1c or OGTT were excluded from the analyses for prediabetes. BMI, body mass index; FPG, fasting plasma glucose; HbA1c, glycated haemoglobin A1c; OGTT, oral glucose tolerance test; PG, plasma glucose.
our population of South Asian origin. Moreover, the overlap of the classifications based on the HbA1c level and the OGTT was only partial, and the sensitivity and specificity (prediabetes only) of HbA1c for identifying OGTT-defined diabetes and prediabetes were low. Regardless of the partial overlap, we found that all those identified had poor metabolic profiles. The metabolic profiles of those identified with the HbA1c level and those identified with the OGTT alone did not differ. This was the case for both diabetes and prediabetes.
Although the AUROC in our study was high, the low sensitivity of HbA1c for OGTT-defined diabetes and prediabetes was in line with previous studies in various ethnic groups [8, 10, 11, [21] [22] [23] . For instance, a recent cost analysis in a South Asian population aged 40-75 years in the UK reports low sensitivity of HbA1c (at >6.5%) for diabetes [23] . Although many studies have reported a relatively high specificity, a study in India -similarly to our study -found low specificity of HbA1c, particularly for prediabetes [8, 10, 11, [21] [22] [23] . The lower optimal HbA1c threshold for prediabetes in our population was in line with the threshold that the Indian study recommended [10] . Moreover, the lower optimal HbA1c threshold corresponds to the American Diabetes Association's current recommendations [19] . Yet, the continued low sensitivity and specificity for this lower threshold seems to support the World Health Organisation's recommendation not to use HbA1c to determine prediabetes [24] . Data characterising participants discordantly categorised with the HbA1c level and the OGTT in South Asian populations in industrialised countries is lacking. One study in India suggests that, as they did in our study, the use of A1c criteria would identify a different set of individuals with milder glucose intolerance [12] . This Indian study has also found lower serum triglyceride levels among those diagnosed with the HbA1c level [12] . Previous studies in other populations have been inconsistent. Our results appear to be in line with some studies reporting that those diagnosed with the HbA1c level had as unfavourable metabolic profiles as those identified with the OGTT [15, 25] . However, in contrast to our results, Boronat et al. report that individuals newly diagnosed with diabetes who meet the HbA1c criteria for diabetes have higher BMIs, higher HOMA insulin resistance, and lower HDL (high density lipoprotein) cholesterol than individuals fulfilling the OGTT criteria only [14] . The difference between the Indian study and ours is likely related to differences in the overlap of the measurements associated with the ethnic background of the study population or the setting in which the study took place.
Notably, we found that all individuals identified should be considered at risk of adverse outcomes, regardless of the criterion used [26] [27] [28] . For instance, those identified in our study with the HbA1c level or with the OGTT alone all had relatively high BMIs and waist circumferences. This is particularly important for those with prediabetes. Previous studies have shown that South Asians develop complications of obesity, such as diabetes, at lower thresholds for BMI and waist circumferences than individuals of European origin [29, 30] . To identify all individuals at risk of adverse outcomes, a strategy that combines more than one diagnostic method should perhaps be considered for this population instead of the strategy of choosing between the HbA1c level and the OGTT. However, this should also depend on the association of either criterion with the occurrence of complications. A combined testing strategy may not be feasible or acceptable in the local context, e.g. because of budget restrictions.
Limitations
Our study has a few limitations that merit discussion. The first one is the relatively low participation rate, even though it is higher than the participation rate in two recent studies among populations of South Asian origin selected from general practices in the UK [4, 31] . This may be related to the recruitment strategy in our study, which was more intensive than the strategies of the UK studies. Our results may have been affected if the participation was selective. We did find evidence for a relatively lower response rate among men and younger participants. However, this is not likely to have greatly influenced our results: previous studies have not consistently found differences in the relationship between HbA1c-and OGTT-diagnosed diabetes when the characteristics sex and age have been correlated [32, 33] .
The second limitation of our study is the relatively low prevalence of newly diagnosed diabetes, which may have influenced the power of the analyses. Therefore, a lack of significant differences between individuals with OGTTand HbA1c-diagnosed diabetes may reflect a true lack of difference, but may also be the result of lack of power to demonstrate actual differences. In addition, the small number of individuals diagnosed implies that no adjustment could be made for relevant parameters, such as sex and age, in the comparisons of characteristics. The low prevalence may partly be a result of the intensified case finding recommended for this population in the guideline of the Dutch College of General Practitioners [34] . Given that this guideline is based on fasting plasma glucose, the recommended case finding might have also affected the reported overlap of the classifications based on the HbA1c level and the OGTT.
Finally, we might not have measured all the relevant metabolic parameters. For instance, other studies have found differences in HDL [14, 15] . In contrast to other studies, we could not take lipid profiles into account because they were not measured during the initial screening.
